
S
r

A
H
a

b

c

a

A
R
A

K
B
F
S
P
R

1

g
1
fl
p
l
c
fl
u
l
(
a
p

i
d
o

(

0
d

Postharvest Biology and Technology 58 (2010) 262–267

Contents lists available at ScienceDirect

Postharvest Biology and Technology

journa l homepage: www.e lsev ier .com/ locate /postharvbio

odium hypochlorite: A promising agent for reducing Botrytis cinerea infection on
ose flowers

ndrew J. Macnisha, Kristy L. Morrisa, Annemarie de Theijea, Manon G.J. Mensinkc,
enry A.M. Boerrigterc, Michael S. Reida, Cai-Zhong Jiangb,∗, Ernst J. Wolteringc,∗∗

Department of Plant Sciences, University of California, One Shields Avenue, Davis, CA 95616, USA
Crops Pathology and Genetics Research Unit, USDA-ARS, One Shields Avenue, Davis, CA 95616, USA
Agrotechnology & Food Sciences Group, Wageningen University and Research Centre, PO Box 17, 6700 AA Wageningen, The Netherlands

r t i c l e i n f o

rticle history:
eceived 13 March 2010
ccepted 30 July 2010

eywords:
otrytis cinerea

a b s t r a c t

Botrytis cinerea is a fungal pathogen that greatly reduces the postharvest quality of rose flowers. A posthar-
vest dip in 200 �L L−1 sodium hypochlorite (NaOCl) for 10 s at 20 ◦C provided the greatest control of B.
cinerea on ‘Akito’ and ‘Gold Strike’ flowers. NaOCl derived from Clorox® Ultra household bleach solu-
tion was more effective than laboratory grade NaOCl in reducing disease symptoms. Lowering the pH
of the NaOCl solution from pH 9.7 (unadjusted) to pH 7.0 greatly improved its efficacy. Treating ‘Gold
lowers
odium hypochlorite
ostharvest
osa × hybrida

Strike’ flowers in this pH-adjusted NaOCl solution was more effective in reducing the level of infection on
petals than postharvest dips in the conventional fungicides Medallion®, Phyton®, Switch® and Vangard®.
Applying NaOCl prior to a 3- or 10-d commercial shipment also provided the most consistent disease
control for a wide range of rose cultivars as compared to conventional fungicides. Of particular interest,
the efficacy of NaOCl and Phyton® was greatest when these compounds were applied to ‘Gold Strike’

t 20 ◦

of B.

flowers after incubation a
candidate for the control

. Introduction

Botrytis cinerea Pers. is a ubiquitous fungal pathogen that causes
ray mold in many fruit, vegetable and ornamental crops (Schwinn,
992). Rose, gerbera and chrysanthemum are among affected cut
ower species (Elad, 1988). Infection by B. cinerea reduces the
ostharvest quality of rose flowers leading to substantial economic

oss by growers and wholesalers (Vrind, 2005). The infection pro-
ess in rose begins with deposition of conidia on petals during
ower development (Kerssies et al., 1995). Disease symptoms are
sually first visualized on petals after harvest as small quiescent

esions or pocks (Pie and De Leeuw, 1991). When exposed to humid
>93% relative humidity; RH) conditions, such as during transport
nd storage, lesions become necrotic and can spread to infect entire
etals (Salinas et al., 1989; Williamson et al., 1995).
Synthetic chemical fungicides (e.g. benzimidazoles, dicarbox-
mides) have long been relied on to reduce B. cinerea disease
evelopment (Elad and Shtienberg, 1995). However, continued use
f these fungicides is problematical owing to development of fun-

∗ Corresponding author. Tel.: +1 530 752 7060; fax: +1 530 752 4554.
∗∗ Corresponding author. Tel.: +31 317 480 116; fax: +31 317 483 011.

E-mail addresses: cjiang@ucdavis.edu (C.-Z. Jiang), Ernst.woltering@wur.nl
E.J. Woltering).

925-5214/$ – see front matter. Published by Elsevier B.V.
oi:10.1016/j.postharvbio.2010.07.014
C and 90% RH for 6–9 h. Our findings highlight NaOCl as a promising new
cinerea on rose flowers.

Published by Elsevier B.V.

gal resistance and increasing social and environmental concerns
over chemical residues (Williamson et al., 2007). Several alter-
native strategies for reducing B. cinerea infection on rose flowers
have been tested including exposure to elevated CO2 atmospheres
(Hammer et al., 1990), inoculation with antagonistic microbes (Elad
et al., 1993; Tatagiba et al., 1998) and treatment with calcium sul-
fate (De Capdeville et al., 2005). However, none of these treatments
consistently provided complete control of this pathogen.

Sodium hypochlorite (NaOCl), a chlorine-containing compound,
is a strong oxidizer with broad spectrum antimicrobial activity
(Bloomfield, 1996). When dissolved in water, NaOCl ionizes to Na+

and the hypochlorite ion in equilibrium with hypochlorous acid
(HOCl), the active moiety (Dychdala, 1983). HOCl damages microbe
cell membranes, proteins and nucleic acids by oxidative degra-
dation upon contact (McDonnell and Russell, 1999). NaOCl is a
relatively inexpensive and non-residual chemical that is widely
used to reduce bacterial and fungal contamination on fruit and
vegetable surfaces, processing equipment, and in flower vase solu-
tions (Suslow, 1997; van Doorn et al., 1990). Commonly used NaOCl
concentrations vary from 50 to 200 mg L−1 depending on the com-

modity and mode of application. Aside from one brief study by Elad
(1988) whereby treatment with the high concentration of 1% NaOCl
for 2 min did not prevent B. cinerea infection on rose petals, there
are no reports on the potential for this oxidizer to reduce disease
on cut flowers.

dx.doi.org/10.1016/j.postharvbio.2010.07.014
http://www.sciencedirect.com/science/journal/09255214
http://www.elsevier.com/locate/postharvbio
mailto:cjiang@ucdavis.edu
mailto:Ernst.woltering@wur.nl
dx.doi.org/10.1016/j.postharvbio.2010.07.014


logy a

m
t
m
T
e
s

2

2

m
s
s
b
i
a
F
i
(
l
D
p
m
m
s
t

2

t
b
m
d
o
T
p
s
t
b
e
S
c
(
e
p
w
(

2

m
d
C
S
a

2

I
U

A.J. Macnish et al. / Postharvest Bio

In the present study, we hypothesized that postharvest treat-
ent of rose flowers with low NaOCl concentrations would reduce

he development of B. cinerea on petals. We determined the opti-
al NaOCl concentration, treatment time and pH of the solution.

he activity of NaOCl relative to conventional fungicides and its
fficacy to reduce disease on rose flowers subjected to commercial
hipment were also evaluated.

. Materials and methods

.1. Biological material

Rose (Rosa × hybrida) flowers were harvested at commercial
aturity (i.e. outer petals starting to reflex) from farms near Wat-

onville, CA, USA, and Quito, Ecuador. Cultivars with a known high
usceptibility to natural infection with B. cinerea were selected
ased on observations by commercial growers. Flowers from Cal-

fornia were transported dry to the laboratory in Davis, CA, in
n air-conditioned (20 ◦C) car within 3 h unless otherwise stated.
lowers from Ecuador were shipped dry to our laboratory in 10 d
n accordance with commercial practice. A Botrytis QuickStixTM kit
model AS 049 OR; EnviroLogixTM, Portland, ME, USA) which uti-
izes a monoclonal antibody to detect B. cinerea fungus (Meyer and
ewey, 2000) was used to confirm flower infection. Briefly, 0.1 g of
etal tissue was sampled from flowers at the end of each experi-
ent and ground in the kit extraction buffer in accordance with the
anufacturer. A test strip was then placed into the tissue suspen-

ion for 10 min. Development of a visible band on the strip indicated
he presence of B. cinerea.

.2. Optimal NaOCl concentration

Cut ‘Akito’ and ‘Gold Strike’ stems were randomly assigned to
reatments and re-cut to 50 cm. All leaves that would otherwise
e submerged in vase solution were detached, leaving the upper-
ost three leaves intact. Entire flower heads were dipped to a

epth of 10 cm in deionized water containing 0, 50, 100, 200, 400
r 800 �L L−1 NaOCl (provided as Clorox® Ultra, a.i. 6.15% NaOCl;
he Clorox Co., Oakland, CA, USA) for 10 s at 20 ◦C. Stems were then
laced individually into plastic vases containing a commercial vase
olution (10 g L−1 Chrysal Clear Professional 3; Chrysal Interna-
ional B.V., Naarden, The Netherlands). A low density polyethylene
ag was placed over each stem to create 90% RH around flowers to
ncourage maximum development of natural B. cinerea infection.
tems in bags were maintained for evaluation for 7 d at 20 ◦C under
ool white fluorescent bulbs that provided 18 �mol m−2 s−1 of light
12 h d−1) at flower height. Flowers were assessed daily for the pres-
nce of B. cinerea infection. Disease incidence was expressed as the
roportion (%) of infected flowers in a treatment. Flower quality
as evaluated during the 7-d study as described by Macnish et al.

2010).

.3. Optimal NaOCl treatment time

The optimal duration of the NaOCl dip treatment was deter-
ined by immersing ‘Akito’ and ‘Gold Strike’ flower heads in

eionized water containing 0 or 200 �L L−1 NaOCl (provided as
lorox® Ultra; The Clorox Co.) for 0, 1, 5, 10 or 30 s at 20 ◦C.
tems were then placed into vases and maintained for evaluation
s described above.
.4. Efficacy of different preparations of NaOCl

Aliquots of laboratory grade NaOCl (5.65–6%, Fisher Scientific
nc., Fair Lawn, NJ, USA), or the commercial bleach products Clorox®

ltra, Hi-lex® Bleach (a.i. 5.25–5.50% NaOCl; Hi-lex Corp., Eagan,
nd Technology 58 (2010) 262–267 263

MN, USA) and Sierra Bleach (a.i. 5.25% NaOCl; Sierra Chemical
Co., Stockton, CA, USA) were diluted in deionized water to give
200 �L L−1 NaOCl for treatment. ‘Gold Strike’ flowers were dipped
in the NaOCl solutions for 10 s as previously described. Additional
control stems were either dipped in deionized water (0 �L L−1

NaOCl) or not dipped in solution. Flowers were then maintained
for evaluation.

2.5. Optimal pH of NaOCl dip solution

Since the availability of the active HOCl increases with a
decrease in NaOCl solution pH (Dychdala, 1983), we established
a study to determine the efficacy of NaOCl treatments of different
pH to reduce B. cinerea infection. A 200 �L L−1 NaOCl (provided as
Clorox® Ultra) solution (pH 9.7) was prepared and adjusted to pH 5,
6, 7, 8 or 9 by adding aliquots of 1 N HCl (ACS grade, Fisher Scientific
Inc.). ‘Gold Strike’ flowers were dipped in the NaOCl solutions for
10 s at 20 ◦C as described above. Additional flowers were not dipped
in solution and served as controls. Flowers were then transferred
to vases for evaluation.

2.6. Activity of NaOCl solution over time

Deionized water containing 0 or 200 �L L−1 NaOCl (provided as
Clorox® Ultra; pH 7) was prepared in duplicate sets and main-
tained inside the laboratory at 20 ◦C and 18 �mol m2 s−1 of light.
‘Gold Strike’ flowers were dipped in the first set of solutions for 10 s
as previously described. After 8 h, additional flowers were dipped
in the second set of solutions. In a separate experiment, different
subsets of flowers were repeatedly dipped for 10 s in a 200 �L L−1

NaOCl solution over 8 h at 20 ◦C. Following treatment, all flowers
were maintained for evaluation as described above.

2.7. Activity of NaOCl relative to conventional fungicides

‘Gold Strike’ flowers were dipped for 10 s in deionized water
containing 200 �L L−1 NaOCl (provided as Clorox® Ultra; pH 7)
or commercial fungicides Medallion® 50 WP (0.6 g L−1, a.i. 50%
fludioxonil; Syngenta Crop Protection Inc., Greensboro, NC, USA),
Phyton® 27 (1 mL L−1, a.i. copper sulfate; Source Technology Bio-
logicals, Inc., Edina, MN, USA), Switch® 62.5 WG (0.6 g L−1, a.i.
37.5% cyprodinil, 25% fludioxonil; Syngenta Crop Protection Inc.)
and Vangard® 75 WG (0.6 g L−1, a.i. 75% cyprodinil; Syngenta Crop
Protection Inc.). Additional control stems were either dipped in
deionized water (0 �L L−1 NaOCl; pH 7) or not dipped in solution.
Flowers were then placed into vases for evaluation.

2.8. Efficacy of NaOCl treatment prior to short- or long-term
commercial shipping

For short-term shipping, ‘Akito’, ‘Blue Bird’, ‘Gold Strike’, ‘Kardi-
nal’ and ‘Orlando’ flowers were harvested from the California farm,
combined into 25-stem bunches and cut to 50 cm in accordance
with commercial practice. Flowers were dipped in deionized water
containing 0 or 200 �L L−1 NaOCl (provided as Clorox® Ultra; pH
7) or Phyton® 27 (1 mL L−1; Source Technology Biologicals) for 10 s
as described above. Additional control flowers were not dipped in
solution. Flower bunches were placed into a commercial hydration
solution (2 mL L−1 Chrysal Clear Professional 1; Chrysal Interna-
tional B.V.) for 24 h at 2 ◦C. They were then packed into fiberboard
flower boxes and transported by refrigerated truck from the farm

to the Davis laboratory via a wholesaler in Sacramento, Califor-
nia, in 3 d. For the long-term shipping, ‘Blushing Akito’, ‘Cherry
Brandy’, ‘Engagement’, ‘Mohana’, ‘Polar Star’ and ‘Topaz’ flowers
were harvested from the farm in Ecuador. Flowers were immedi-
ately dipped in water containing 0 or 200 �L L−1 NaOCl (provided
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Fig. 1. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Akito’ and ‘Gold
Strike’ flowers after a 7-d vase life at 20 ◦C and 90% RH. Flowers were dipped in 0,

−1 ®

disease on ‘Gold Strike’ petals (data not shown). Similarly, repeated
dipping of different subsets of flowers in 200 �L L−1 NaOCl over 8 h
did not significantly reduce the activity of the treatment despite an
accumulation of organic matter in solution (data not shown).
64 A.J. Macnish et al. / Postharvest Bio

s Clorox® Ultra; pH 7) or the commercial fungicides Polar® 10
P (0.25 mL L−1, a.i. 10% polyoxin B; Sumitomo Corp., Ecuador),

witch® 62.5 WG (0.6 g L−1; Syngenta Crop Protection Inc.), or
eldor® Combi 416.7 SC (1.5 mL L−1, a.i. 350 g L−1 fenhexamid,
6.7 g L−1 tebuconazol; Bayer CropScience) for 10 s as previously
escribed. Stems were then prepared for export as described above.
hey were transported in flower boxes by airplane and refriger-
ted truck from the farm to the laboratory via Miami, Florida in
0 d. At the laboratory, stems from both shipments were re-cut and
aintained for evaluation as described above.

.9. Optimal timing of NaOCl treatment

The optimal time to apply NaOCl treatment to flowers after
arvest was determined. ‘Akito’ and ‘Gold Strike’ flowers were
arvested from the California farm and placed immediately into
commercial hydration solution (2 mL L−1, Chrysal Clear Profes-

ional 1; Chrysal International B.V.) at 20 ◦C. Flowers were enclosed
ithin a low density polyethylene bag that served to increase

he RH therein. They were removed from the bag after 0, 3, 6
nd 9 h incubation and dipped in deionized water containing 0 or
00 �L L−1 NaOCl (provided as Clorox® Ultra; pH 7) or the commer-
ial fungicide Phyton® 27 (1 mL L−1; Source Technology Biologicals)
or 10 s as described above. Stems were then maintained in vases
or evaluation as described above.

.10. Experiment design and data analysis

Data are presented from a series of experiments that each
ncluded common treatments to provide replication over time.
xperiments were repeated once and representative data are
hown. Depending upon the experiment, 20–25 replicate flowers
ere assigned to each treatment. Flowers in vases were arranged in
completely randomized block design for evaluation. Disease inci-
ence data were presented as binary responses; either infected (1)
r not infected (0). Pairwise comparisons between treatments were
ompleted using Fisher’s exact test (two-sided) with the MULTTEST
rocedure of SAS (Version 9.1; SAS Institute Inc., Cary, NC). The Bon-
erroni adjustment was used to control the overall Type I error rate
or each experiment (Miller, 1981).

. Results

.1. Optimal NaOCl concentration

A 10 s postharvest dip in 100 �L L−1 NaOCl solution greatly
educed the incidence of B. cinerea infection on ‘Gold Strike’
etals (Fig. 1). Increasing the NaOCl concentration to 200 and
00 �L L−1 also maintained low levels of disease (Fig. 1) and had
o adverse affect on flower quality during the 7 d of this study
data not shown). Treatment with 800 �L L−1 NaOCl prevented dis-
ase development but was associated with slight petal bleaching
data not shown). Similar responses to NaOCl treatments were also
bserved for ‘Akito’ flowers (Fig. 1).

.2. Optimal NaOCl treatment time

Immersing flowers into 200 �L L−1 NaOCl for just 1 s was suffi-
ient to reduce the development of B. cinerea on ‘Gold Strike’ (Fig. 2)
nd ‘Akito’ (data not shown) petals. Extending the NaOCl treatment
ime to 5, 10 and 30 s prevented disease.
.3. Efficacy of different preparations of NaOCl

Treating ‘Gold Strike’ flowers for 10 s in four different propri-
tary 200 �L L−1 NaOCl solutions markedly reduced infection on
100, 200, 400 or 800 �L L NaOCl (provided by Clorox Ultra bleach solution) for
10 s at 20 ◦C on day 0 of vase life. Additional control flowers were not dipped in solu-
tion. Within each cultivar, data (n = 25) followed by different letters are significantly
different (P ≤ 0.05).

petals (Fig. 3). Dipping flowers in NaOCl provided by Clorox® Ultra
prevented disease symptoms. Treatment with NaOCl derived from
Hi-lex® bleach, Sierra bleach and laboratory grade NaOCl resulted
in 5, 15 and 25% of flowers developing B. cinerea, respectively.

3.4. Optimal pH of NaOCl solution

Lowering the pH of the 200 �L L−1 NaOCl solution from pH 9.7
(unadjusted) to pH 5.0–8.0 greatly improved its efficacy as a 10-s
dip treatment to reduce infection on ‘Gold Strike’ flowers (Fig. 4).
Treatment with NaOCl solution of pH 7.0 prevented disease devel-
opment.

3.5. Activity of NaOCl solution over time

Dipping flowers in freshly prepared or 8-h old 200 �L L−1 NaOCl
solutions of pH 7 were equally effective in reducing the incidence of
Fig. 2. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Gold Strike’ flow-
ers after a 7-d vase life at 20 ◦C and 90% RH. Flowers were dipped in 0 (water) or
200 �L L−1 NaOCl (provided by Clorox® Ultra bleach solution) for 1, 5, 10 or 30 s at
20 ◦C on day 0 of vase life. Data (n = 20) followed by different letters are significantly
different (P ≤ 0.05).
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Fig. 3. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Gold Strike’ flow-
ers after a 7-d vase life at 20 ◦C and 90% RH. Flowers were dipped in 0 (water) or
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Fig. 5. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Gold Strike’ flow-
ers after a 7-d vase life at 20 ◦C and 90% RH. Flowers were dipped in 0 (water) or
200 �L L−1 NaOCl (provided by Clorox® Ultra bleach solution; pH 7), or 0.6 g L−1

Medallion® , 1 mL L−1 Phyton® , 0.6 g L−1 Switch® , and 0.6 g L−1 Vangard® fungicide
solutions for 10 s at 20 ◦C on day 0 of vase life. Additional control flowers were
not dipped in solution. Data (n = 20) followed by different letters are significantly
different (P ≤ 0.05).

Fig. 6. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Akito’, ‘Blue Bird’,
00 �L L−1 NaOCl provided by laboratory grade NaOCl, or Clorox® Ultra, Hi-lex®

nd Sierra commercial bleach solutions for 10 s at 20 ◦C on day 0 of vase life. Addi-
ional control flowers were not dipped in solution. Data (n = 20) followed by different
etters are significantly different (P ≤ 0.05).

.6. Activity of NaOCl relative to conventional fungicides

Treating ‘Gold Strike’ flowers in 200 �L L−1 NaOCl of pH 7 for
0 s was more effective in reducing the level of infection on petals
han postharvest dips in the conventional fungicides Medallion®,
hyton®, Switch® and Vangard® (Fig. 5). Of the fungicides, Switch®

nd Phyton® showed the greatest potential to reduce B. cinerea
evelopment on petals.

.7. Efficacy of NaOCl treatment for commercial shipments

Treating flowers in 200 �L L−1 NaOCl at pH 7 or 1 mL L−1

hyton® 27 for 10 s prior to a 3-d commercial shipment markedly
educed the subsequent development of B. cinerea on ‘Akito’, ‘Blue
ird’, ‘Gold Strike’, ‘Kardinal’ and ‘Orlando’ petals (Fig. 6). Treatment
ith 200 �L L−1 NaOCl for 10 s before a 10-d intercontinental ship-
ent also reduced infection on ‘Blushing Akito’, ‘Cherry Brandy’,
Engagement’, ‘Polar Star’ and ‘Topaz’ flowers (Table 1). Relative
o treatment with Polar®, Switch® and Teldor® Combi fungicides,
hich were highly variable in activity, NaOCl provided the most

onsistent reduction in disease development on petals of all six

ig. 4. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Gold Strike’ flow-
rs after a 7-d vase life at 20 ◦C and 90% RH. Flowers were dipped in 200 �L L−1

aOCl (provided by Clorox® Ultra bleach solution) adjusted to pH 5, 6, 7, 8, 9 or 9.7
unadjusted) for 10 s at 20 ◦C on day 0 of vase life. Additional control flowers were
ot dipped in solution. Data (n = 20) followed by different letters are significantly
ifferent (P ≤ 0.05).

‘Gold Strike’, ‘Kardinal’ and ‘Orlando’ flowers after a 7-d vase life at 20 ◦C and 90% RH.
Flowers were harvested and dipped in 0 (water) or 200 �L L−1 NaOCl (provided by
Clorox® Ultra commercial bleach solution; pH 7), or 1 mL L−1 Phyton® fungicide for

10 s at 20 ◦C. Additional control flowers were not dipped in solution. Flower stems
were placed into a hydration solution for 24 h at 2 ◦C and then transported dry to the
laboratory in 3 d. Data (n = 24) followed by different letters are significantly different
(P ≤ 0.05).

cultivars (Table 1). While all cultivars were susceptible to B. cinerea
infection, ‘Mohana’ had less disease development than the other
cultivars.

3.8. Optimal timing of NaOCl treatment

The efficacy of NaOCl and Phyton® 27 treatments was great-
est when these compounds were applied to ‘Gold Strike’ flowers
after a 6- and 9-h incubation at 20 ◦C and 90% RH (Fig. 7). The 6-
h incubation was also associated with a substantial reduction in
disease on control stems that were subsequently dipped in water.
A similar treatment response (better control when flowers were
pre-incubated for 6 h) was observed for ‘Akito’ flowers (data not
shown).
4. Discussion

A postharvest dip in 200 �L L−1 NaOCl for 1–10 s at 20 ◦C rep-
resents a simple, safe and reliable treatment for reducing the



266 A.J. Macnish et al. / Postharvest Biology and Technology 58 (2010) 262–267

Table 1
The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Blushing Akito’, ‘Cherry Brandy’, ‘Engagement’, ‘Mohana’, ‘Polar Star’ and ‘Topaz’ flowers after a 7-d vase life at
20 ◦C and 90% RH. Flowers were harvested and dipped in 0 (water) or 200 �L L−1 NaOCl provided by Clorox® Ultra commercial bleach solution (pH 7), or 0.25 mL L−1 Polar® ,
0.6 g L−1 Switch® , or 1.5 mL L−1 Teldor® Combi fungicide for 10 s at 20 ◦C. Flower stems were placed into a hydration solution for 24 h at 2 ◦C and then transported dry to the
laboratory in 10 d. Data (n = 20) for each cultivar followed by different letters are significantly different (P ≤ 0.05). ‘NS’ denotes no significant difference (P > 0.05).

Cultivar Fungicide dip treatment

Water NaOCl Polar® Switch® Teldor® Combi

‘Blushing Akito’ 90 a 50 b 50 b 80 a 0 c
‘Cherry Brandy’ 80 a 20 b 0 b 60 a 80 a
‘Engagement’ 90 a 40 b 50 b 100 a 90 a
‘Mohana’NS 40 20 40 60 50
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‘Polar Star’ 70 a 30 b
‘Topaz’ 80 a 40 b

ncidence of B. cinerea infection on rose flowers (Figs. 1 and 2).
ur findings highlight the rapid antifungal activity of this oxidizer
nd are consistent with reports that immersing pear and tomato
ruit into NaOCl solution can also reduce surface infection by fun-
al pathogens such as B. cinerea (Spotts and Peters, 1982; Bartz et
l., 2001). We also confirmed that neutralizing the NaOCl treat-
ent solution from pH 9.7 to pH 7 improved its efficacy to further

educe disease on flowers (Fig. 3). The disinfecting efficiency of
aOCl is reported to increase with a decrease in pH in association
ith greater availability of HOCl (Dychdala, 1983). While treatment
ith acidic NaOCl solutions also maintained low disease levels

n flowers (Fig. 3), these solutions liberate chlorine gas, a human
espiratory irritant, and would be unsuitable for commercial use
Luttrell, 2001).

NaOCl treatment of rose flowers was more effective in reduc-
ng B. cinerea infection than several registered fungicides when
ested under laboratory conditions (Fig. 5). Applying NaOCl prior
o commercial shipment also provided the most consistent disease
ontrol for a broad range of rose cultivars (Fig. 6, Table 1). While
he relatively poor and variable efficacy of the fungicides was unex-
ected, it may reflect resistant populations of B. cinerea (Williamson
t al., 2007). Similarly, sole reliance on chlorination can also lead
o development of NaOCl-resistant microbes (Ridgway and Olson,
982; McDonnell and Russell, 1999). Accordingly, careful attention

o maintaining an integrated disease control strategy that includes
aOCl is recommended. Considerable variation in the susceptibility

o infection also existed among the different cultivars as previously
eported by Hammer and Evensen (1994). We also noted variance

ig. 7. The incidence of Botrytis cinerea infection on Rosa × hybrida ‘Gold Strike’ flow-
rs after a 7-d vase life at 20 ◦C and 90% RH. Flowers were harvested and maintained
t 20 ◦C and 90% RH for 0, 3, 6 and 9 h prior to dipping in 0 (water) or 200 �L L−1

aOCl (provided by Clorox® Ultra commercial bleach; pH 7), or 1 mL L−1 Phyton®

ungicide for 10 s at 20 ◦C on day 0 of vase life. Data (n = 20) followed by different
etters are significantly different (P ≤ 0.05).
80 a 90 a 30 b
0 c 40 b 0 c

in efficacy of the NaOCl treatment; 200 �L L−1 was normally effec-
tive, but in the pH experiment, this concentration was only effective
when the pH was adjusted to near neutral. In this experiment,
the disease pressure was particularly high (controls showed near
100% infection), which may explain the disappointing results from
un-neutralized NaOCl. This genotypic variation and potential dif-
ferences in the natural infection levels on flowers highlights the
difficulty in consistently controlling this pathogen by one strategy
alone (Kerssies et al., 1995).

We found that household bleach solutions containing NaOCl
were effective for use as a postharvest dip treatment (Fig. 4). From a
commercial perspective, these products are relatively inexpensive
and readily available, and could easily be incorporated into posthar-
vest disease control practices. NaOCl is already approved for contact
sterilization of fruit and vegetables (Food and Drug Administration,
2009). Among the proprietary bleach products, Clorox® Ultra pro-
vided the greatest control of B. cinerea on flowers, and surprisingly
was a more effective disinfectant than laboratory grade NaOCl.
Presumably, the composition of inactive ingredients (NaCl, surfac-
tants, colorants) in this commercial formulation accounts for the
observed differences in treatment efficacy.

An 8-h-old NaOCl solution was just as effective as a freshly pre-
pared dip treatment when maintained at 20 ◦C under low levels
of artificial light. We also found that the NaOCl solution remained
effective against B. cinerea when it was used repeatedly to treat
flowers over 8 h. We observed moderate accumulation of organic
matter in the NaOCl solution but this did not diminish the solution
activity. Previous studies have established that the concentration
of available chlorine in NaOCl solutions and its associated antimi-
crobial activity is rapidly reduced following the addition of organic
matter such as that on cut flower stem surfaces (Dychdala, 1983;
Xie et al., 2008). Chlorine in NaOCl solutions is also highly sensitive
to degradation by ultra-violet radiation, and care should be taken
to complete postharvest dip treatments away from direct sunlight
(Bloomfield, 1996).

Exposure of B. cinerea conidia to free water or high RH can stimu-
late germ tube formation in just 6–8 h at 20 ◦C (Hawker and Hendy,
1968; Pie and De Leeuw, 1991). Our observation that maintaining
flowers at 20 ◦C and 90% RH for 6–9 h before applying NaOCl and
Phyton® 27 fungicide enhanced treatment efficacy (Fig. 7) suggests
that germinating conidia are more susceptible to biocides than
dormant spores (McDonnell and Russell, 1999). We also showed
that dipping flowers in water after 6 h at 90% RH reduced disease
development (Fig. 7). Previous work by Williamson et al. (1995)
established that B. cinerea spores incubated at high RH produced
shorter and more loosely attached germ tubes than conidia exposed

to free water. Thus, it is possible that dipping flowers in water
after high RH incubation physically removed some spores. That
germinating spores are potentially more vulnerable to postharvest
treatments provides an interesting opportunity to further study
and improve disease control on roses.
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